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DESCRIPTION 



HOLOGRAM RECORDING METHOD, HOLOGRAM-RECORD REPRODUCING METHOD, 
HOLOGRAM RECORDING APPARATUS, HOLOGRAM RECORDING AND REPRODUCING 

APPARATUS, and HOLOGRAM REPRODUCING APPARATUS 
TECHNICAL FIELD 



method, a hologram-record reproducing method, a hologram 
recording apparatus, a hologram recording and reproducing 
apparatus, and a hologram reproducing apparatus. 
BACKGROUND ART 

The basic structure for hologram recording is as follows; a 
laser beam from a laser beam source is split into two beams, one 
of the split laser beams is modulated by an optical modulator in 
accordance with recording information to be signal light, the 
other of the split laser beams is made to be reference light, 
both the light beams are superimposed on a hologram recording 
medium, and interference fringes due to a change in the 
refractive index caused by the interference of both the laser 
beams are formed on the hologram recording medium, whereby 
information is recorded. 

Reproduction of information from the hologram recording is 
performed as follows; the signal light is cut, only the 
reference light is applied to the hologram recording medium with 
the same position and angle of incidence as those when recording 
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hologram, the interference fringes are formed on the recording 
medium, whereby reproduced light based on diffracted light 
corresponding to the original signal light can be obtained, and 
accordingly the reproduced light is detected by a sensor such as 
CCD (Charge Coupled Device) (refer to, for example, Holographic 
Data Storage by H.J.Coufal, D.Psaltis, G.T. Sincerbox p. 350, 
Springer Series Verlag, July 2000, Optical Science, and. Optical 
Data Storage 2001, Proceedings of SPIE Vol.4342 (2002) p. 567). 

The hologram recording as described above is performed as 
follows; using a one-dimensional optical modulator in which a 
plurality of, for example, 1088 light-modulating pixels are 
arranged in one dimension, that is, for example, using GLV 
(Grating Light Valve) (refer to Grating Valve Technology: Update 
and Novel applications, for example) , signal light is obtained 
based on a light and dark (white and black) image optically 
modulated from a laser beam according to information of "1", "0" 
from each light-modulating pixel, and the signal light is 
applied to the hologram recording medium together with the 
reference light to perform hologram recording. In this case, 
when reproducing the record, reproduced light from the hologram 
recording medium is detected by a one-dimensional photodetector 
having a plurality of light-detecting portions where light- 
detecting elements of appropriate size are arranged at 
appropriate positions corresponding to the light-modulating 
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pixels in an optical modulator. 

However, in this case, when the position and angle of the 
hologram recording medium at the time of recording is shifted at 
the time of reproduction, the position of the reproduced image 
also shifts and so there may be some cases where the intended 
reproduction becomes difficult. 

FIG. 11 schematically shows a relation of arrangement 
between the one-dimensional optical modulator 101 having a 
plurality of light-modulating pixels PI, P2, P3 . . . Pn and the 
one-dimensional photodetector 102, in which the number n of 
detecting elements Dl, D2, D3, ... Dn in the one-dimensional 
photodetector 102 is selected to be the same, for example, 1088 
as that of the light-modulating pixels in the one-dimensional 
optical modulator 101. 

However, according to the above structure, when signals X> 1", 
"0" modulated by an optical modulator 1 are digital data 
supplied as ON/ OFF of light for example, in the case where the 
one-dimensional optical modulator 101 performs modulation in 
such, a manner that, for example, signal "1" is given to 
alternate pixels and signal "0" is given to the other alternate 
pixels among the light-modulating pixels PI, P2, P3...Pn, if the 
shift occurs between the light-modulating pixels P (PI, P2, 
P3^ m m m p n ) in the one-dimensional modulator 101 and the 
detecting elements D (Dl, D2 , D3...Dn) in the one-dimensional 
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photodetector 102 by, for example, one-half, "1" and "0" enter- 
detecting elements half by half, as a result, no light and dark 
(white and black) image can be obtained but, for example, a 
uniformly gray one is obtained, which means that detection of 
information is impossible. 

The occurrence of such shift is quite common. Specifically, 
because the hologram recording medium often takes the form of a 
disc or card and the recording and reproduction is repeated 
frequently, when the hologram recording medium is installed in 
the hologram recording apparatus or reproducing apparatus, a 
shift in position and a shift in angle are very likely to occur. 

Moreover, the hologram recording medium is often made of 
organic materials and thus often requires ultraviolet-ray 
irradiation and heat treatment during recording or after 
recording; on this occasion, several % of shrinkage is often 
caused. Therefore, not only the above-described simple shift 
occurs in the reproduced position, but also one-to-one 
correspondence between the light-modulating pixels P in the one- 
dimensional optical modulator 101 and the detecting elements D 
in the one-dimensional photodetector 102 will collapse. Such 
phenomena also make the reproduction difficult or decrease the 
S/N. 

DISCLOSURE OF THE INVENTION 

The present invention is to provide a hologram recording 
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method, hologram-record reproducing method, hologram recording 
apparatus, hologram recording and .reproducing apparatus, 
hologram-record reproducing apparatus capable of efficiently 
avoiding the above-described obstacle to hologram-record 
reproduction, a decrease of S/N and so on. 

Specifically, . a hologram recording method according to the 
present invention includes the steps of: modulating a laser beam 
by a one-dimensional optical modulator in which a plurality of 
light-modulating pixels are arranged and recording a digital- 
data signal on a hologram recording medium, and recording sync 
signals on the hologram recording medium in two or more 
positions with retaining a predetermined interval by means of 
part of light-modulating pixels in the one-dimensional optical 
modulator . 

A hologram reproducing method according to the present 
invention includes the steps of: applying reference light to the 
hologram recording medium having a digital-data recording 
section and sync-signal recording sections formed in two or more 
positions with a predetermined interval, reading the digital 
data and the sync signals, and detecting the shift in the 
position of the digital-data signal by the sync signals. 

Further, a hologram recording apparatus according to the 
present invention includes: a laser-beam source, split means for 
splitting a laser beam from the laser-beam source into a first 
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laser beam and second laser beam, a one-dimensional optical 
modulator in which a plurality of light-modulating pixels are 
arranged, and a hologram-recording-medium disposing portion; in 
which part of the light-modulating pixels in the one-dimensional 
optical modulator optically modulates part of the first laser 
beam by a digital-data signal, at least. part of the other light- 
modulating pixels in two or more positions optically modulates 
at least part of the other of the first laser beam by a sync 
signal to obtain signal light of the laser beam, and the signal 
light and reference light of the second laser beam are applied 
to the hologram recording medium to form a recording section for 
the digital-data signal and recording sections for the sync 
signals in two or more positions with retaining a predetermined 
interval. 

A recording and reproducing apparatus according to the 
present invention includes a laser-beam source, split means for 
splitting a laser beam from the laser-beam source into a first 
laser beam and second laser beam, a one-dimensional optical 
modulator in which a plurality of light-modulating pixels are 
arranged, a hologram-recording-medium disposing portion, and a 
photodetector at least in one-dimension; having a larger number 
of light-detecting elements than that of light-modulating pixels 
in the one-dimensional optical modulator; in which at the time 
of recording, part of the light-modulating pixels optically 
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modulates part of the first laser beam by a digital-data signal 
and at least part of the other light-modulating pixels in two or 
more positions in the one-dimensional optical modulator 
optically modulates at least part of the other of the first 
laser beam by sync signals to obtain signal light of the laser 
beam; the signal light and reference light of the second laser 
beam are applied to the hologram recording medium to form a 
recording section for the digital-data signal and recording 
sections for the sync signals in two or more positions with 
retaining a predetermined interval; and 

at the time of reproduction, the reference light of the 
second laser beam is applied to the hologram recording medium to 
supply reproduced light obtained from the hologram recording 
medium to the light-detecting elements in the photodetector for 
detecting the digital-data signal and sync signals to detect a 
shift in a position of the digital-data signal by the sync 
signals . 

Further, in the above-described recording apparatus and 
further, for example, in the above-described recording and 
reproducing apparatus according to the present invention, the 
one-dimensional optical modulator has an array of a plurality of 
reflecting ribbons, and each reflecting ribbon may have a 
diffraction-grating structure . in which a phase of an arrived 
laser beam is modulated and reflected corresponding to the 
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displacement thereof and diffracted light is generated. 

Further, a hologram reproducing apparatus according to the 
present invention includes a laser-beam source , a photodetector 
in which a plurality of light-detecting elements are arranged, 
and a disposal portion for disposing a hologram recording medium 
having ■ a recording section for a digital-data signal and 
recording sections for sync signals in two or more positions, in 
which the hologram recording medium disposed in the disposal 
portion is irradiated with reference light of a laser beam from 
the laser-beam source to obtain reproduced light including the 
digital-data signal and sync signals recorded on the hologram 
recording medium, and the reproduced light is detected by the 
photodetector to detect a shift in a position of the digital- 
data signal by the sync signals. 

As described above, in the present invention not only a 
digital-data signal, namely, original recording information 
signal but also sync signals are recorded on a hologram 
recording medium, and in reproduction, the original information 
signal as well as the sync signals are detected so as to detect 
a shift in a position of the original information signal. 

Since the detection of a position can be made in this way, 
it is possible to correct a shift of a position and a shift of 
an angle in a hologram recording apparatus, hologram reproducing 
apparatus or the like due to repeated use of the hologram 
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recording medium, and further to correct a shift in a position 
of a recording signal caused by shrinkage and so on of the 
hologram recording medium. 
BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a. schematic constitutional diagram of an example 
of a hologram recording and reproducing apparatus according to 
the present invention; 

FIG. 2 is a schematic plan view of an example of a one- 
dimensional optical modulator in_ the apparatus according to the 
present invention. 

FIG. 3 is a perspective view of one pixel in an example of 
a one-dimensional optical modulator in the apparatus according 
to the present invention; 

FIG. 4 is a sectional view of one pixel in an example of a 
one-dimensional optical modulator according to the present 
invention; 

FIGS. 5A and FIG. 5B are sectional views each showing an 
operating state of an example of a one-dimensional optical 
modulator; 

FIG. 6 is a diagram showing a relation between pixels in a 
one-dimensional optical modulator and detecting elements in a 
one-dimensional photodetector in an example of the apparatus 
according to the present invention; 

FIG. 7 is a schematic constitutional diagram of an example 
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of the hologram reproducing apparatus according to the present 
invention; 

FIG. 8 is an explanatory view showing a corresponding 
relation between modulation by a one-dimensional optical 
modulator and light-receiving intensity of a one-dimensional 
photodetector in an example of the . hologram recording and 
reproducing method according to the present invention; 

FIG. 9 is a diagram showing light-receiving intensity of 
light-detecting elements (pixels) in CCD as a one-dimensional 
photodetector ; 

FIG. 10 is a diagram showing a relation between light- 
receiving intensity of light-detecting elements (pixels) in CCD 
as the one-dimensional photodetector in FIG. 9 and digitized 
values "1" and xx 0" thereof;, and 

FIG. 11 is a diagram showing a relation between a one- 
dimensional optical modulator and a one-dimensional 
photodetector in a conventional hologram recording and 
reproducing apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be described. 

First, an embodiment of a hologram recording apparatus 
according to the present invention will be described with 
reference to the schematic constitutional diagram of a recording 
and reproducing apparatus in FIG. 1. However, the present 
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invention is not limited to this embodiment. 
[Hologram Recording Apparatus] 

In the embodiment shown in FIG. 1, a light-t ransmissive 
type hologram recording medium is employed as a hologram 
recording medium 1. 

Recording on the hologram recording medium 1 is performed 
as follows; a diameter of a laser beam L from a laser-beam 
source 10 is expanded by a beam expander 11 in a Y-direction 
perpendicular to the paper plane and is introduced into a half- 
mirror 12 which splits the laser beam into a first laser beam LI 
and second laser beam L2 having the optical paths in a Z- 
direction and in a X-direction, respectively, which are 
perpendicular to the Y-direction and to each other. 

The first laser beam LI is condensed in the Z-direction by 
a cylindrical lens 13 and introduced into a one-dimensional 
optical modulator 14. 

The first laser beam LI is hereupon optically modulated 
into a signal light, which is condensed by a first lens 21 and 
passes through a pinhole 15H. 

A second lens system 22 condenses the laser beam LI, that 
is, a signal light onto a hologram recording medium 1. 

On the other hand, the second laser beam L2 split by the 
half-mirror . 12 in the X-direction is condensed as reference 
light by a third lens system 23 onto the hologram recording 



11 




medium 1. In this way, a hologram recording is performed on the 
hologram recording medium 1 by an interference between the first 
laser beam (signal light) and the second laser beam (reference 
light). 

Next, an embodiment of a hologram recording and reproducing 
apparatus will be described with reference to FIG. 1. 
[Hologram Recording and Reproducing Apparatus] 

This embodiment includes a hologram-recording-apparatus 
section 2 and a hologram-reproducing apparatus section 3. 

In the hologram-recording-apparatus section 2, recording is 
made onto the hologram recording medium 1 by the same structure 
and operation as described above. 

The hologram-reproducing apparatus section 3 includes a 
fourth lens system 24 and a one-dimensional photodetector 16. 

This hologram-reproducing apparatus section 3 can be formed, 
for example, using part of .the structure of the hologram- 
recording-apparatus section 2 in common. However, in this case, 
the first laser beam LI will be cut in reproducing operation. 

The hologram-reproducing apparatus section 3 in this case 
includes the laser-beam source 10, beam expander 11, half-mirror 
12 and the third lens system 23 in optical system relating to 
the second laser beam L2 as reference light, and further the 
fourth lens system 24 and the one-dimensional photodetector 16 
disposed behind the hologram recording medium 1. 
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By applying the reference light to the hologram recording 
medium 1 in the same condition of incidence as in recording, 
reproduced light Ls can be extracted from the hologram recording 
medium 1 as if it were transmitted light of the signal light LI. 

The fourth lens system 24 described above is disposed at a 
diffusing position on an optical path of the reproduced light Ls, 
so that the reproduced light Ls is condensed onto the one- 
dimensional photodetector 16. In this case, an optical image by 
the reproduced light Ls in the one-dimensional photodetector 16 
is obtained as a light and dark image corresponding to the light 
and dark image obtained in the one-dimensional optical modulator 
14 . 

In the above-described hologram recording apparatus and 
hologram recording and reproducing apparatus, it is desirable 
for the one-dimensional optical modulator 14 to employ a one- 
dimensional GLV (Grating Light Valve) array having, for example, 
an electrostatic driving type structure made of a reflective 
type diffraction control grating with high modulating efficiency 
and quick response. 

As is shown in FIG. 2, the GLV includes a large number, for 
example, 1088 pieces of pixels 30 arranged in a line, each of 
which has a diffraction grating structure and forms one light- 
modulating pixel. 

As is shown in a perspective view of FIG. 3 and in a 
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sectional view of FIG. 4, each pixel 30 has, for example, six 
ribbons 32 on a substrate 31 made of silicon substrate, for 
example; each ribbon 32 is supported at both ends, reflects the 
laser beam LI and is arranged in parallel to form a diffraction 
grating . 

As is shown in a cross-sectional view of FIG. 5A, these 
ribbons 32 are arranged on one plane, where the center portion 
of each ribbon retains a required distance from the surface of 
the substrate 31 by support portions at both ends. 

As is shown in FIG. 4, the ribbon 32 includes an electrode 
layer 34 made of a metal film constituting a reflective surface, 
which is formed on an insulation film 33 made of, for example, 
silicon nitride. 

On the other hand, a common opposing electrode 35 is formed 
on the substrate 31, which extends across under the arranged 
ribbons 32 and is opposite to the electrode layer 34 of each of 
ribbons 32 so as to retain a required gap with the ribbons 32. 

In this structure, by applying a required voltage between 
the electrode layers 34 of alternate ribbons 32 and the opposing 
electrode 35, these alternate ribbons 32 are displaced toward 
the opposing electrode 35, as shown in FIG . . 5B, by an amount 
equivalent to XV 4 where X is a wavelength of the laser beam LI 
applied to the GLV. 

By doing in this way, when the above laser beam LI is 
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applied to the pixels 30 in a line, each constituting a light- 
modulating pixel, in the state in which the six ribbons 32 
corresponding to one light -modulating pixel are situated on the 
same one plane as shown in FIG. 5A, the pixel 30 as the light- 
modulating pixel does not operate as a diffraction grating; and 
the laser beam LI arrived at the light-modulating pixel is 
merely reflected, and with respect to this light -modulating 
pixel, for example, information of "1" as signal light of 
"light" is recorded on the hologram recording medium 1. 

In contrast, when a displacement of X/A is caused by 
applying a required voltage for a signal of, for example, "0" 
between the electrode layer 34 of alternate ribbons 32 and the 
opposing electrode 35 to modulate a phase of laser beam arrived 
here and to make the laser beam reflect, laser beams reflected 
at adjacent ribbons 32 interfere with each other to cause 
substantially no reflected light, whereby the laser beam is 
substantially lost with respect to this pixel, that is, light- 
modulating pixel and is modulated into a signal of "dark" of 
"0"; on this occasion, for example, information of "0" is 
recorded on the hologram recording medium 1. 

When the one-dimensional optical modulator 14 having the 
diffraction grating structure is employed in this manner, higher 
order light than ± first order light and ± second order light of 
diffracted light will be generated, however, such light is cut 
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off by the above-described shield 15. 

The ribbon 32 of each pixel, that is, light -modulating 
pixel 30 can be selected to be, for example, 3pm in width, lOOpm 
in length, and lOOnm in thickness; and the distance between the 
ribbons 32 and the opposing electrode 35 is selected to be, for 
example, 650nm. A pitch of pixels 30 can be made to be 25\sm. 

The one-dimensional photodetector has an array in which a 
plurality of light-detecting elements are arranged. The one- 
dimensional photodetector can be formed of, for example, CCD 
(Charge Coupled Device) whose light-receiving portion is 
arranged in one dimension. The number of these light-detecting 
elements or the arrays is selected to be larger than the number 
of pixels in the one-dimensional optical modulator 1. 

In other words, as shown in FIG. 6, when n pieces of light- 
modulating pixels P, that is, PI, P2, P3 ... Pn are arranged in 
the one-dimensional optical modulator 14, the number N of the 
light-detecting elements in the one-dimensional photodetector 16, 
namely the light-receiving portions Dl, D2, D3, ... DN, for 
example, in the case of CCD is made to be n<N . 

Further, the one-dimensional optical modulator can also be 
formed of part of a two-dimensional optical modulator, for 
example. 

The optical systems, for example, the first to fourth 
optical systems 21 to 24 can be selected so that an optical 
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image on the one-dimensional photodetector 16 may correspond to 
the optical image in the one-dimensional optical modulator 14. 
[Hologram Reproducing Apparatus] 

FIG. 7 shows an embodiment of a hologram reproducing 
apparatus according to the present invention. This hologram 
reproducing apparatus has the same structure as that of the 
hologram-reproducing apparatus section 3 in the hologram 
recording and reproducing apparatus described in FIG. 1. In FIG. 
7, the parts corresponding to those in FIG. 1 are denoted by the 
same symbols and not described repeatedly. 

Next, an embodiment of the recording method according to 
the present invention will be described. 
[Hologram Recording Method] 

In this embodiment the hologram recording is performed 
using the hologram recording and reproducing apparatus according 
to the present invention shown in FIG. 1. 

In this hologram recording method, of all pixels P in the 
one-dimensional optical modulator 14 having a plurality of 
light-modulating pixels P, light-modulating pixels in two or 
more positions retaining a predetermined interval are employed 
as light-modulating pixels for sync signals and the laser beam 
LI is optically modulated by the sync signals. The other major 
part of pixels P is used to optically modulate the laser beam LI 
arrived at the one-dimensional optical modulator 14 based on the 
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digital-data signal of original recording information. 

The modulation using the sync signals is performed in such 
a pattern that is not used in the modulation method based on the 
digital-data signal. For example, when the 8-10 modulation 
method is performed, "1" or "0" continues from IT to 4T, but 
does not continue on and after 5T. Thus, when this modulation 
method is performed, for example, "1" in 6T is defined as a sync 
signal. 

Next, an embodiment of the hologram reproducing method will 
be described. 

[Hologram Reproducing Method] 

In this embodiment, for example, using the hologram 
recording and reproducing apparatus shown in FIG. 1, the first 
laser beam LI is cut and only the second laser beam L2 as 
reference light is applied to the hologram recording medium 1, 
or using the hologram reproducing apparatus shown in FIG. 7, the 
second laser beam L2 is applied to the hologram recording medium 
retaining the same position and angle of incidence and so on as 
those in recording. When doing so, the reproduced light Ls 
corresponding to the signal light Ll is obtained. In other words, 
a light and dark image corresponding to the light and dark image 
obtained by the one-dimensional optical modulator 14 can be 
obtained on the one-dimensional photodetector 16. Therefore, the 
digital-data signal and sync signals can be detected by the one- 
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dimensional photodetector . 

Further, since these sync signals are disposed in two 
positions retaining a predetermined interval, these sync signals 
are used as posit ion-detecting signals to correct a shift in a 
position of the digital data, and therefore the digital data 
obtained from the one-dimensional photodetector 16 can be 
detected correctly . 

Next, a practice example of the recording and reproduction 
according to the present invention will be described. 
[Practice Example] 

In. this example, the recording and reproduction was 
performed using the hologram recording and reproducing apparatus 
whose schematic constitution is shown in FIG. 1 in accordance 
with the above-described procedure. In this case, the 8-10 
modulation method was employed as the modulation method for a 
digital-data signal. In this method, as described above, the 
pattern of "1" and "0" signal continues until 4T, but does not 
continues on and after 5T. Accordingly, the pattern of sync 
signal was defined as "1" in 6T . 

The sync signal pattern was disposed at both ends of an 
array of light-modulating pixels in the one-dimensional optical 
modulator 14, that is, a pair of sync signals was disposed. 

Further, as described above, this practice example employed 
the optical system for making the image in the one-dimensional 
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optical modulator 14 at the time of recording correspond one to 
one with the image of received light in the one-dimensional 
photodetector 16 at the time of reproduction. 

The one-dimensional optical modulator 14 employed the 
above-described GLV and the one-dimensional photodetector 16 

employed the CCD array. 

The GLV had a structure in which 1088 modulating pixels P 
were arranged with a 25um pitch, and the one-dimensional 
photodetector 16 had a structure in which light-detecting 
elements, that is, light-receiving portions D were arranged with 
a 7um pitch. Therefore, in this case, the number of portions D 
became 25/7=3.6 per pixel P. Although the result is not integral 
number, sync signals are disposed with a predetermined interval 
in the method according to the present invention and the 
position of a digital-data-signal section is detected by a 
relative position of the sync signals, so that no problem occurs. 

FIG. 8 schematically shows the image in the one-dimensional 
optical modulator 14 at the time of recording and the image of 
received light in the one-dimensional photodetector 16 at the 
time of reproduction in this practice example. 

This was the case where the above-described "1" in 6T as 
sync signal was disposed at both ends. Specifically, the sync 
signal was disposed in the first to sixth pixels PI to P6 from 
one end and in pixels Pn to Pn-5 at the other end, respectively. 
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In this way, information recorded on the hologram recording 
medium is reproduced. In other words, by detecting the pair of 
sync signals, an interval between them can be known. Based on 
this information, a correction signal can be obtained, which 
corrects a shift in an information signal, that is, digital-data 
signal if a shift in position or a shift in angle occurs, or 
shrinkage and so on is caused in the hologram recording medium 
itself, when the hologram recording medium 1 is disposed at the 
hologram-disposed portion of hologram recording and reproducing 
apparatus in recording and reproduction, as described at the 
beginning . 

It should be noted that at the time of hologram 
reproduction, in the light-receiving portion (light-detecting 
element) D of the CCD at a position corresponding to, for 
example, a boundary between "1" of "light" and "0" of Mark", a 
gray portion where the light is mixed with the dark will be 
generated. FIG. 9 shows the intensity of light in the vertical 
axis, which is received by an array of sixty CCD light-receiving 
portions (horizontal axis), for example, at No.O to No. 60 in the 
CCD array; and in this case, an intermediate "gray" intensity 
between "1" and "0" may be detected at a position corresponding 
to the boundary between "1" of "white" and "0" of "black". 

However, because the CCD can usually detect 2 8 tones, the 
intensity of light at the boundary position can be detected 
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correctly, and by performing signal processing based on this 
output, as shown in FIG. 10, it is possible to make them into 
binary values of digital "1" and "0" with an intermediate light 
intensity 0.5 between "I" and "0" as a dividing position. 

Therefore, in the above-described practice example, it is 
also possible to divide the detected gray portions at a 
detecting element D in the one-dimensional photodetector 16, 
corresponding to the boundary between pixels P6 and P7 and so on 
into binary values. 

Note that although the 8-10 modulation method has been 
described as an example in the above-described embodiment, the 
present invention is applicable to other various modulation 
methods, and in those other modulation methods, the sync signals 
are also made in a pattern unused in this modulation method . 
These sync signals may be disposed at both ends of the one- 
dimensional optical modulator. 14 as in the above-described 
embodiment or may not be disposed at both ends, provided that 
they are disposed at positions retaining a predetermined 
interval. 

Having described the case where the GLV having an excellent 
response to a laser beam and .a high modulating efficiency is 
employed as the one-dimensional optical modulator 14 in the 
above-described embodiment, the DMD (Digital Micromirror Device) , 
liquid crystal, and so on can also be employed; and thus, the 
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present invention is not limited to the above-described 
embodiment, practice example, and so on and various 
modifications and alterations can be made therein. 

As described above, according to the present invention, 
sync signals are recorded on a hologram recording medium 
together with a digital-data signal, that is, an original 
recording information signal, and in reproduction, the original 
information signal as well as the sync signals are detected, 
thereby enabling a position of the information signal, that is, 
digital-data signal to be detected by the sync signals. 

Since the position detection is performed in this way, it 
is possible to correct the shift in a position and the shift in 
an angle in the hologram recording apparatus, hologram 
reproducing apparatus or the like due to repeated use of the 
hologram recording medium, and further to correct the shift in a 
position of recorded signal due to shrinkage and so on of the 
hologram recording medium. 

Moreover, because the digital data can be detected securely 
even though the hologram recording medium is made of organic 
materials, or even if the shrinkage occurs when applying 
ultraviolet-rays during recording or after recording, or in heat 
treatment, it is possible to avoid difficulty in the 
reproduction and a decrease in S/N due to collapse of the 
corresponding relationship between the light-modulating pixels P 
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in the one-dimensional optical modulator 1 and the corresponding 
detecting elements D in detector. 
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